Paulownia coreana is a medicinal, edible and industrial plant with the largest leaf, and is native to Korea. We evaluated the reducing power activities, 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activities (RSAs), nitrite scavenging activities (NSAs) and 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) cation RSAs by solvent extraction of P. coreana bark by using 50℃ hot water and 25℃ methanol. The antioxidative effect of P. coreana bark extract on corn seed oil was evaluated using the Rancimat test. The extraction yields on dry weight basis with 15 folds of hot water and methanol were 23.88% and 5.30%, respectively; further the flavonoid content in the hot water extract was over 2.5 times more than that in the methanol extract. The DPPH RSA of the methanol extract was substantially higher than that of the water extract, whereas the NSA of the water extract was higher than that of the methanol extract at pH 1.2. The ABTS RSAs of the two extracts were almost the same as that of ascorbic acid and 2,6-ditertiarybutyl hydroxytoluene. The two extracts of P. coreana bark in this study were found to slightly improve the oxidation stability of corn seed oil.
Introduction 1)
Paulownia coreana is a native Korean plant with the leaves larger than that of any other plant in the country. It has been used for making conventional wood furniture, in landscape architecture, as insecticide agents, and in traditional Korean medicines and home remedies (Kim et al., 2011) .
Recently, it was discovered that the fruits of P. coreana contain eleostearic acid, fatty oil, flaovonoids and alkaloids, and that the constituents of syringin, paulownin and eleostearic acid are present in the stems and roots. These components contribute to the diverse medicinal uses of P. coreana (Park et al., 1991) .
In the study by Chung et al. (2008) on industrial furniture materials, a limonene component was detected during analysis on the antifungal activity of a P. coreana-wood storage box, and significant activity levels of 92.6% and 99.9% were shown with the addition of eugenol and anethole, respectively.
Recent studies on P. coreana leaves indicate that the extract has the potential to inhibit-microbial activity of six food spoilage microorganisms, including Bacillus cereus (Lee and Shin, 1991) , superoxide anion radical scavenging activities(RSAs), and antiinflammatory activity .
Chloroform and ethylacetate extracts from the flowers of P. coreana exhibited significant cytotoxic activity against human tumor cell lines (Oh et al., 2000) , and four components, including paulowin and sesamin, have been isolated from a methanol extract of P. coreana stems (Park et al., 1991) . Si et al. (2006) isolated and established the structures of caffeic acid as that of a phenolic acid and naringenin, kaempferol, apigenin, luteolin and quercetin as that of a flavonoid compound. They also identified 1,1-diphenyl-2-picrylhydrazy (DPPH) radical scavenging effects from the fruits of P. coreana.
With respect to the antioxidative activities of P. coreana fruits extracts, Jun et al. (2001) measured the activities of methanol, ethanol, and water soluble extracts, and Zima et al. (2010) isolated several flavones and measured their antiradical and cytoprotective activities through DPPH and 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assays. Cho et al. (2012) isolated geranylated flavonoid and showed that the methanol extract had potent inhibitory activity against cholinesterase. Kim et al. (2011) isolated phenylpropanoid glycoside and five phenolic compounds through bioassay-guided fractionation of 70%-acetone extract from P. coreana seeds and showed that its aldose reductase effect has considerable therapeutic potential, against diabetic complications. Despite all the above, only few studies have shown RSA such as nitrite scavenging activity (NSA) and ABTS RSA, particularly studies on Rancimat tests by using P. coreana extracts.
In this study, we evaluated several physiological activities, including reducing power activity, DPPH RSA, nitrite scavenging activity, and ABTS cation RSA of water and ethanol extracts of P. coreana bark under different extraction conditions and also assessed the antioxidative effect of the extracts on edible corn seed oil by using the Rancimat test.
2. Experimental 2.1. Chemicals and preparation of the extract DPPH was purchased from Sigma-Aldrich (St. Louis, USA). Folin Ciocalteu phenol reagent, trichloroacetic acid (TCA), ascorbic acid (AA), 2,6-ditertiarybutyl hydroxytoluene (BHT), and ferric chloride was purchased from Junsei (Tokyo, Japan); ABTS was purchased from Fulka (Steinheim, Germany). All other reagents used were of analytical grade. The bark of naturally grown P. coreana was removed from the plant, washed using distilled water, cut into pieces of approximately 3 cm, and dried at 70℃ for 48 h. Twenty grams of the dried bark fragments were extracted in a flask shaker containing 300 mL of the extraction solvent at 25℃ (methanol) and 50℃
(water) for 3 h. The extracts were vacuum-filtered using GF/C filter paper and kept in a refrigerator until further analysis.
Determination of total polyphenol and flavonoid contents
The total polyphenol content in the P. coreana bark extracts was determined using the Folin Denis method (Kim et al., 2004 ) with a slight modification.
Three milliliters of each extract was mixed with 3 mL Folin Ciocalteu reagent and shaken by using a vortex mixer for 1 min. After exactly 3 min, 3 mL of 10% sodium carbonate solution was added and the mixtures were allowed to stand at room temperature for 1 h.
The absorbances at 720 nm were measured, and the total polyphenol content was calculated from a calibration curve by using gallic acid as the standard.
The total polyphenol content is expressed as mg gallic acid/100 g dry samples. The total flavonoid content was evaluated using the colorimetric method described by Liu et al. (2002) , with a slight modification. Sodium hydroxide solution (1 N) was mixed with 1 mL each of the extracts and 10 mL diethylene glycol, and incubated at 37℃ for 60 min.
The absorbances were measured at 420 nm and the total flavonoid content was calculated with respect to the standard curve of naringin and was expressed as a naringin equivalent, as naringin mg/100 g dry samples.
Reducing power activity
The reducing power of the extracts were evaluated according to the methods of Yildirim et al. (2001) with a slight modification. One milliliter of each extract was mixed with 2.5 mL of 0.2 M sodium phosphate buffer (pH 6.0) and 2.5 mL of 1% potassium ferricyanide. The mixtures were incubated at 50℃ for 30 min. After terminating the reaction by adding 2.5 mL of 10% TCA solution, the mixtures were centrifuged at 3000 rpm for 10 min. Two mL of the upper layer solution was pipetted, and mixed with 2 mL of distilled water and 0.4 mL of 0.1% of ferric chloride. The absorbances were measured at 700 nm.
The increased absorbance indicated increased reducing power activity. Ascorbic acid and BHT were used as positive controls.
DPPH RSA
Free radical scavenging activity of P. coreana bark extract on DPPH was determined by using the modification method from the method of Burda and Oleszek (2001) . One milliliter of 0.5 mM DPPH ethanolic solution and 2 mL of ethanol were added to 2 mL each of the extracts and mixed well. The 
Nitrite scavenging activity
NSA of the P. coreana bark extracts was measured using UV-visible spectrophotometer at a wavelength of 520 nm, according to the methods of Kato et al. (1987) and Kang et al. (1996) . Mixtures of 1 mL extract and 1 mL of 1 mM sodium nitrite solution were made up to 10 mL by using 0.2 M citric acid buffer solution adjusted to pH 1.2, 4.0 and 6.0 with 0.1 N hydrochloric acid. Each solution was incubated at 37℃ for 1 h and pipetted by 1 mL for further analysis. Then, 5 mL of 2% acetic acid and 0.4 mL of Griess reagent was added to each 1 mL pipetted solution, and the mixtures were allowed to stand for 15 min at room temperature. Finally, the residual nitrite content was measured at 520 nm. Griess reagent was prepared using 1% sulfanilic acid and 1% naphthylamine in 30% acetic acid immediately before use. The NSA were calculated using the 
ABTS RSA
The ABTS RSA was measured using the methods of Re et al. (1999) and Shon et al. (2008) with some modifications. The ABTS radical cation was generated with the addition of an equal dosage of 7 mM ABTS solution to 2.45 mM potassium persulfate solution, after which the mixture was allowed to stand for 24 hr in darkness at room temperature. Mixtures of 3 mL ABTS radical cation solution diluted with distilled water and 2.4 mL of extract were allowed to react at room temperature for 7 min. The ABTS RSA at absorbance 734 nm, was calculated using the following 
Rancimat test
The antioxdative effect of the extracts on corn seed oil oxidation was evaluated by an accelerated automated test by using the Rancimat apparatus (Fig. 1) In this study, the total polyphenol contents were 305 and 313 mg/100 g dry weight and flavonoid contents were 1091 and 430 mg/100 g dry weight in the 50℃ hot water and 25℃ methanol extracts, respectively (Table 1) .
Total polyphenol and flavonoid contents
Polyphenol and flavonoid contents were expressed as gallic acid and naringin equivalents, respectively.
Reducing power
The reducing power of a compound is associated with antioxidant activity: a positive correlation is observed between the antioxidant activity and reducing power (Park et al., 2010) . The reducing power associated with the presence of reductones, which act as the primary and secondary antioxidants, occurs by breaking the free radical chain through the donation of a hydrogen atom (Hu et al., 2009) . Table 2 shows the reducing power of P. coreana bark hot water extract compared with that of AA and BHT positive controls. Under the same dosages, the reducing power of the extract was 70.3% of that of AA and nearly similar to that of BHT in terms of the absorbance. Thus, the reducing power may serve as a significant indicator of potential antioxidant activity, and the significant antioxidant activity of the extract is anticipated to be closely related to the reducing power (Park et al., 2010) .
DPPH RSA
Free radicals are known to be one of the most significant causes of oxidative damage to biological molecules in the human body. The free radical compound DPPH has been used extensively to evaluate free radical scavenging activity of antioxidants (Hu et al., 2009 ). The absorbance of DPPH solution is decreased by the formation of non-radical diamagnetic molecules and DPPH-H by accepting an electron or hydrogen radical from the proton-donating substance (Hong et al., 2009) . In this study, the DPPH RSAs are shown in Table 2 with those of AA and BHT as positive controls. The RSA of the extract obtained using 50℃ hot water was 32.51%, whereas those of AA and BHT using the same contents as the solid content of P. coreana bark hot water extract were 96.26% and 90.91%, respectively. However, the RSA of the 25℃ methanol extract was 87.22%, whereas the RSAs of AA and BHT using the same contents as the solid content of P. coreana bark methanol extract were 96.67% and 91.21%, respectively.
Nitrite scavenging activity
Nitrite containing -NO2 radical is known to react with secondary amines to form nitrosamine, which converts to diazoalkane in the human body and can increase the risk of cancer by alkylation of nucleic acids, proteins or intracellular components . However, anticancer components in plants and vegetables restrain nitrosamine formation, suppress the nitrification of phenolic component, and contribute to anticancer effect.
The nitrite scavenging effects of hot water and methanol extracts of P. coreana bark under pH 1.2, 4.0, and 6.0 are shown in Figure 2 . The nitrite scavenging effects of the extracts showed high nitrite removal ability at pH 1.2, which is the average pH in animal stomachs; further as the pH increased from 1.2, 4.0 and 6.0, the nitrite removal ability decreased in the hot water extract: 79.46%, 31.02% and 6.13%, respectively. In the methanol extract, as the pH increased from 1.2, 4.0 and 6.0, the nitrite removal ability decreased at 65.79%, 38.08% and 6.06%, respectively. Thus P. coreana bark extracts reduce the formation of nitrosamine, which is carcinogen.
ABTS RSA
The ABTS cation RSA is one of the extensive properties of the antioxidant activity of biological material (Hong et al., 2009 ). The ABTS free radical is eliminated by any antioxidant component in the extract with the reaction of ABTS and potassium persulfate, and the ABTS free radical showed bleached coloration (Ryu, 2011) . The ABTS RSAs of the hot water and methanol extracts were 99.01% and 96.89%, respectively, whereas those of AA and BHT with equal dosages were 99.88% and 96.07%, respectively. We found that the soluble solid content in the water extract (15.92 mg/mL) was 4.5 times more than that in the methanol extract (3.53 mg/mL), the DPPH RSA of the water extract was lower than that of the methanol extract, and the NSA of the water extract was higher than that of the methanol extract at pH 1.2, but the ABTS RSAs of the two extracts were shown to be almost equal. RSAs are generally considered strong in the presence of high total polyphenol and flavonoid contents. However Wang et al. (1998) determined that some compounds showing ABTS RSA did not show DPPH RSA. In our study, the extraction yields and flavonoid contents in 25℃ methanol extract were lower than that in 50℃ water extract. Although the DPPH RSA of the methanol extract was higher than those of the water extract, the ABTS RSA of the methanol extract was lower than those of the water extract. Moreover, the ABTS RSAs of the two extracts showed to be almost equivalent values with those of AA and BHT. 
Determination of oxidation stability by Rancimat test
The Rancimat method is based on the conductivity changes experienced by distilled water after collecting the volatile organic acids produced in the final steps of the accelerated oil oxidation process (Jebe et al., 1993; de Man et al., 1987; Méndez et al., 1996) . The time required to produce a sudden increase of the conductivity due to volatile acids formation determines the oxidative stability index, the induction period (IP), which can be defined as a measure of the resistance to oxidation of a fat or oil.
In Figure 4 (a), the IP of corn oil without the addition of any extract was 1.11 h, but the IPs with P.
coreana bark extract, AA, and BHT were 1.24, 1.36, and 1.51 h when using the hot water solvent and 
Conclusion
Paulownia coreana is commonly used for making conventional wood furniture, in landscape architecture, traditional prescription medicines and home remedies.
However, the physiological properties of P. coreana have been rarely shown. In this study, the extraction characteristics by using different solvents and some physiological properties of P. coreana were investigated and compared. The pH of the extract was weakly acidic, 5.51 and 5.74, with 23.88% and 5.30% extraction yields, respectively, when using hot water and methanol as the solvents. The total polyphenol contents of the two extracts were almost equivalent to each other, but the flavonoid contents in the 50℃ hot water was 2.5 times more than that of the 25℃ methanol extract. The difference in the reducing powers of the two extracts was not measured but the DPPH RSA of the methanol extract was 87.22% in contrast to 32.51% of the water extract. The nitrite scavenging activities with decreasing pH increased from 6.06% at pH 6.0 to 79.46% at pH 1.2. Therefore P. coreana bark extracts could reduce the formation of nitrosamine, which is a known carcinogen. ABTS cation RSAs of the two extracts were 99.01% and 96.89%, respectively, and were practically equivalent to those of AA and BHT. Nevertheless, both extracts showed weak oxidation stability in corn seed oil as measured using the Rancimat test.
